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(57) The present invention provides a spectroscopic 
method for analysing objects in a gas comprising a main 
ingredient and the objects, both of which the absorption 
spectra exist in the same wavelength range, with high 
precision and sensitivity by using a compact and simple 
single cell system. 

In accordance with an aspect of the present inven- 
tion there is disclosed a spectroscopic method for an- 
alysing objects in a sample gas using a laser beam 
comprising : i) a step of splitting a laser beam into a first 
laser beam and a second laser beam; ii) a step of trans- 
mitting said first laser beam into a sample cell where a 
sample gas is introduced, and measuring an intensity of 



a spectrum of said transmitted first laser beam ; m) a 
step, being performed while performing said step ii), of 
transmitting said second laser beam into a reference cell 
where a reference gas is introduced, and measunng an 
intensity of a spectrum of said transmitted second laser 
beam, wherein said reference gas comprises an ingre- 
dient having at least two spectral lines of which wave- 
lengths in an absorption spectrum of said reference gas 
are already known; and iv) a step of identifying a wave- 
length of objects to be measured in said sample gas by 
comparing said spectrum of sample gas with said spec- 
trum of reference gas using said at least two spectral 
lines of said reference gas as reference wavelengths. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a spectro- 
scopic method for measuring absorption spectrum of a 
gas to be measured (hereinafter, "sample gas") using 
laser diode beam, for identifying impurities (hereinafter, 
also referred to as "objects (to be measured)") in the gas 
and for analyzing abundance ratio and concentration of 
the identified objects from the absorption spectrum with 
high precision and high sensitivity. Particularly, the 
present invention relates to a spectroscopic method for 
analysing impurities in the gas, which includes mam in- 
gredient and impurities, with high precision and high 
sensitivity where it is difficult to take an absorption spec- 
trum of the impurities due to the interference absorption 
of the main ingredient because the absorption spectra 
of the main ingredient and the impurities are in similar 
wavelength range. 
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BACKGROUND OF THE INVENTION 

[0002] As a conventional spectroscopic method for 
analysing a small quantity of impurities in a gas with rel- 
atively good precision and sensitivity, a spectroscopic 
analysis method for measuring absoroance of laser di- 
ode has been used. However, it is very difficult to ana- 
lyse a gas with high precision and sensitivity in which 
the absorption spectrum of the object to be measured 
is overlapped on the spectrum of the main ingredient, 
and the quantity of the object is in PPB(1/109) | eve |, as 
in the case of absorption spectra of ammonia NH 3 and 
water vapor H 2 0, shown in FIG. 6. For example, it is 
very difficult to analyse the gas of which the object to be 
measured is water vapor and the main ingredient is a 
polyatomic molecule, such as ammonia NH 3 (or silane 

[0003] Therefore, in order to analyse a gas including 
a main ingredient and impurities, such as water vapor 
the inventors of the present invention have developed 
and filed a Japanese patent application No. 
HEI09-91158 of "An apparatus and a method for spec- 
troscopic analysis using dual cell system". A schematic 
diagram of an embodiment of the dual cell system is 
shown in FIG. 7, where the apparatus comprises a sam- 
ple cell 52 into which a sample gas G is introduced and 
a cancel cell 53 into which a cancel gas C, consisted of 
the main ingredient of the sample gas G without the im- 
purities in the sample gas G, is introduced. 
[0004] According to the above method and apparatus 
shown in FIG. 7, a laser beam L from a laser source 51 
is splitted into laser beams L1 and L2 by the beam sput- 
ter 54 and the optical characteristics are controlled to 
be identical with each other. Then, the splitted beams 
L1 and L2 are respectively introduced into the sample 
cell 52 and the cancel cell 53. Then, the transmitted 
beams L 1t and l^ are respectively detected and photo- 



electrical^ converted into signals by the detectors 55 
and 56 Then the converted signals are respectively 
send to lock-in amplifiers 57 and 58. The second-order 
differential spectra of the transmitted beams L 1t and 
5 are obtained by the lock-in amplifiers 57 and 58 respec- 
tively and the second derivative spectra are respective- 
ly digitized by the AD converters 59 and 60 and then 
input to a computer 61 . Then, the absorption spectrum 
of the cancel gas C is subtracted from the absorption 
10 spectrum of the sample gas G by processing the input 
signals with pre-memorized information, such as calcu- 
lating formulae, and an absorption spectrum of the ob- 
jects(impurities) can be taken. According to the above 
described method, it is possible to analyse impurities in 
is the sample gas G with high precision and sensitivity. A 
controller for laser diode 51 a, a display 62 connected 
to the computer 61 , gas inlets 63 and 64 for the sample 
gas G and the cancel gas C are also shown. 
[0005] However, according to the above described 
20 conventional spectroscopic method, it is important to 
make configurations and specifications of the sample 
cell 52 and the cancel cell 53 identical, and to make the 
two optical systems be operated under identical condi- 
tions Thus, the costforproducing the apparatus for per- 
25 forming the conventional method becomes very high be- 
cause of the necessary parts and components. 
[0006] Therefore, there has been a strong need to de- 
velop a spectroscopic analysis method with high preci- 
sion and sensitivity performed in a more compact and 
30 simple apparatus which uses a single cell system, 
where the single cell is once used as a sample cell for 
a sample gas G and then used as a cancel cell for a 
cancel gas C without using the conventional dual cell 
system having two identical cells of identical specif.ca- 
35 tions and two identical optical systems operated under 
identical operating conditions. 
[0007] When a spectroscopic analysis is performed 
using a single cell system by taking absorption spectra 
of the sample gas and the cancel gas, it is very difficult 
40 to exactly match the absorption spectra in order to cal- 
culate subtraction of the absorption spectrum of the can- 
cel gas from that of the sample gas because the spectra 
are not taken at the same time but separately taken one 
after another. 

45 [0008] This is because the emitting wavelength of the 
laser is changed due to an extremely minute change in 
the temperature of the laser diode while exchanging the 
sample gas with the cancel gas into the single cell. Fur- 
ther the emitting wavelength of the laser is also 
so changed due to the variations in the environment, such 
as changes in surrounding temperature, or the limita- 
tions in the effective controllable resolution of control de- 
vices between the moments of taking absorption spec- 
tra of the sample gas and the cancel gas. 
55 [0009] Therefore, according to the spectroscopic 
analysis of a sample gas using the single cell system, it 
is very difficult to analyse objects(impurities) with high 
precision and sensitivity because the subtraction of the 
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two spectra could not be exactly performed due to the 
difficulty in exactly matching the absorption spectra of 
the sample gas and the cancel gas. 
[0010] In order to overcome this problem, it is known 
in the art to lock the wavelength of the laser diode based 
on the absorption spectrum of water vapor, but the 
measurement precision of this method is not better than 
that of the method using the dual cell system. 
[0011] Further, to use the wavelength of the absorp- 
tion spectrum of water vapor as a reference wavelength 
is also used in the conventional spectroscopic analysis 
using the single cell system. According to this method, 
after making the wavelength of the absorption spectrum 
of water vapor as a reference wavelength and marking 
the value of [driving current of emitting the laser diode 
(mA)] - [wavelength (nm)], the laser beam is drived 
based on this reference wavelength and the marked val- 
ue, and an absorption spectrum of the object to be 
measured is taken from the laser beam transmitted 
through the single cell. However, even by this method, 
it is still impossible to exactly reproduce the spectra to 
have the same wavelength scale even by the same driv- 
ing current at every time because of the minute change 
in the environment, such as change in surrounding tem- 
perature. 

[0012] Therefore, there has been a strong need to 
achieve a spectroscopic analysis of high precision with 
a simple apparatus using single cell system. 

SUMMARY OF THE INVENTION 

[0013] Therefore, the present invention has been 
made in view of the above mentioned problem, and in- 
stead of using the dual cell system which needs preci- 
sion and expensive parts and comprises two cells(a 
sample cell and a cancel cell) of identical specifications 
and dimensions, it is an object of the present invention 
to provide a spectroscopic method for analysing objects 
(impurities) in a sample gas comprising a main ingredi- 
ent and the objects, both of which the absorption spectra 
exist in the same wavelength range, with high precision 
and sensitivity by using a compact and simple single cell 
system which uses a single cell as both of a sample cell 
and a cancel cell. 

[001 4] In accordance with an aspect of the present in- 
vention, there is disclosed a spectroscopic method for 
analysing objects in a sample gas using a laser beam 
comprising : i) a step of splitting a laser beam into a first 
laser beam and a second laser beam; ii) a step of trans- 
mitting said first laser beam into a sample cell where a 
sample gas is introduced, and measuring an intensity of 
a spectrum of said transmitted first laser beam ; iii) a 
step, being performed while performing said step ii), of 
transmitting said second laser beam into a reference cell 
where a reference gas is introduced, and measuring an 
intensity of a spectrum of said transmitted second laser 
beam, wherein said reference gas comprises an ingre- 
dient having at least two spectral lines of which wave- 



lengths in an absorption spectrum of said reference gas 
are already known; and iv) a step of identifying a wave- 
length of objects to be measured in said sample gas by 
comparing said spectrum of sample gas with said spec- 
5 trum of reference gas using said at least two spectral 
lines of said reference gas as reference wavelengths. 
[0015] In accordance with another aspect of the 
present invention, there is disclosed a spectroscopic 
method for analysing objects in a sample gas using a 
10 laser beam comprising : i) a step of splitting a laser 
beam into a first laser beam and a second laser beam; 
ii) a step of transmitting said first laser beam into a sam- 
ple cell where a sample gas is introduced and taking an 
absorption spectrum of said transmitted first laser beam , 
15 wherein said sample gas comprises a main ingredient 
and objects to be measured; iii) a step, being performed 
while performing said step ii), of transmitting said sec- 
ond laser beam into a reference cell where a reference 
gas is introduced and taking a first absorption spectrum 
20 of said transmitted second laser beam , wherein said ref- 
erence gas comprises an ingredient having at least two 
spectral lines of which wavelengths in said first absorp- 
tion spectrum are already known; iv) a step, after ex- 
hausting said sample gas out of said sample cell and 
25 introducing a cancel gas into said sample cell, of trans- 
mitting said first laser beam into said sample cell and 
taking an absorption spectrum of said transmitted first 
laser beam, wherein said cancel gas comprises only 
said main ingredient of said sample gas without said ob- 
30 jects; v) a step, being performed while performing said 
step iv), of transmitting said second laser beam into said 
reference cell and taking a second absorption spectrum 
of said transmitted second laser beam; vi) a step of mak- 
ing scales of wavelength axes of all of said spectra the 
35 same by comparing a first set of absorption spectra with 
a second set of absorption spectra, wherein said first 
set comprises said absorption spectrum of said sample 
gas and said first absorption spectrum of said reference 
gas, said second set comprises said absorption spec- 
40 trum of said cancel gas and said second absorption 
spectrum of said reference gas, and said known spectral 
lines of first and second spectra of said reference gas 
are used as references; and vii) a step of taking an ab- 
sorption spectrum of said objects to be measured by 
subtracting said spectrum of said cancel gas from said 
spectrum of said sample gas, said scales of wavelength 
axes of said spectra of cancel gas and sample gas being 
made the same in said step vi). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] A further understanding of the nature and ad- 
vantage of the present invention will become apparent 
by reference to the remaining portions of the specifica- 
tion and drawings. 

[0017] FIG. 1 is a schematic diagram of an embodi- 
ment of an apparatus for spectroscopic analysis using 
laser diode according to the present invention. 
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[0018] FIG. 2 is a diagram which shows absorption 
spectra of a sample gas(ammonia gas + water vapor) 
and a reference gas(hydrogen bromide) according to 
the present invention, the spectrum of the reference gas , 
being simultaneously taken with the spectrum of the 
sample gas. 

[0019] FIG. 3 is a diagram which shows absorption 
spectra of a cancel gas(ammonia gas) and a reference 
gasfhydrogen bromide) according to the present inven- 
tion, the spectrum of the reference gas being simulta- 
neously taken with the spectrum of the cancel gas. 
[0020] FIG. 4 is a diagram which shows calibrated 
spectra of those shown in FIG. 2 according to scales of 
the spectra shown in FIG. 3, . 
[0021] FIG. 5 is a diagram which shows an absorption 
spectrum of an object(water vapor) to be measured and 
a reference gas(hydrogen bromide) taken by subtract- 
ing the absorption spectrum of a cancel gas(ammonia 
gas) shown in FIG. 3 from the absorption spectrum of a 
sample gas(ammonia gas + water vapor) shown in FIG. 
2. 

[0022] FIG. 6 is a diagram which shows absorption 
spectra of ammonia(NH3) and water vapor(H 2 0). 
[0023] FIG. 7 is a schematic diagram of an example 
of a conventional apparatus for spectroscopic analysis 
using dual cell system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



[0024] A detailed description of an embodiment ac- 
cording to the present invention is provided hereinafter 
with reference to the attached drawings of FIGs. 1 to 6. 
The spectroscopic method for analysing a sample gas 
using laser diode of the present invention is performed 
by an apparatus as shown in FIG. 1 . FIG. 1 is a sche- 
matic diagram of an embodiment of an apparatus for 
spectroscopic analysis using laser diode. A laser beam 
having a wavelength suitable for spectroscopic analysis 
is emitted from a laser diode 1 , which is drived by a laser 
controller 2. The laser controller 2 includes a tempera- 
ture controller 2a for controlling temperature of a laser 
diode 1 to emit desired laser beam, a laser diode("LD") 
driver 2b for driving the laser device by applying electnc 
currents and a function generator 2c as a modulator of 
emitted laser beams by wavelength modulation. Fur- 
ther the laser controller 2 is coupled to a computer 9 for 
controlling the temperature controller 2a, the LD driver 
2b and the function generator as described later in de- 
tail. 

[0025] The temperature controller 2a of the laser con- 
troller 2 adjusts an operating temperature of the laser 
diode and the LD driver 2b continuously varies currents 
(DC currents) input to the laser diode so that the emitting 
wavelength of the laser beam varies continuously. The 
function generator 2c provides modulation signals(AC 
component) according to the wavelength modulation to 
the LD driver 2b. The modulation signals are super- 



posed on the input current to the laser device, so that 
the emitted laser beam from the laser diode is wave- 
length-modulated. 

[0026] In order .to emit laser beams in desired wave- 
s length range, laser diodes, such as InGaAsP, InGaAs, 
GalnAsSb, AllnS, AllnAs and AIGaSb, may be used as 
the laser diode 1, where the laser diode 1 can continu- 
ously emit in room temperature and one of them can be 
selected based on the desired wavelength range for 
10 analysis. Of course, laser diodes suitable for the laser 
diode according to the present invention are not limited 
to those described above, and it is sufficient for laser 
diodes to be used as a laser diode 1 of the present in- 
vention if they are tunable in proper wavelength ranges. 
15 [0027] The laser beam Lo thus emitted from the laser 
diode 1 is collimated by the coliimating lens 3 and the 
collimated laser beam is splitted into a first laser beam 
L and a second laser beam L R by a beam splitter 4. An 
isolator 5 may be provided as or a remover, which re- 
20 moves reflected and returning beams, before the beam 
splitter 4 in order not to make the laser beams unstable 
due to the returning beams reflected by the splitter 4 or 
some other things. The first laser beam L s is transmitted 
to a sample cell 6 where a sample gas G, which includes 
25 a main ingredient and objects(impurities) to be meas- 
ured and a cancel gas C consisting of the main ingre- 
dient is alternately introduced. A detector 7 receives a 
transmitted beam L st through the sample cell 6. The re- 
ceived transmitted beam L st is photoelectrical^ convert- 
30 ed into electrical signals by a germanium (Ge) or an In- 
GaAs photodiode(not shown). The electrical signals are 
input to a lock-in amplifier 8. The lock-in amplifier 8 out- 
puts signals corresponding to a second derivative spec- 
trum by processing the electrical signals, and the signals 
35 corresponding to the second derivative spectrum are in- 
put to the computer 9. The data processed by thecom- 
puter 9 is displayed on a display 10. 
[0028] The second laser beam L R is transmitted to a 
reference ceil 1 6 where a reference gas R, of which the 
40 spectrum of the ingredients is already know in the art, 
is introduced. A detector 1 7 receives a transmitted beam 
L m through the reference ceil 16. The received trans- 
mitted beam L ra is photoelectrical^ converted into elec- 
trical signals by a germanium (Ge) or an InGaAs photo- 
45 diode(not shown). The electrical signals are input to a 
lock-in amplifier 1 8. The lock-in amplifier 1 8 outputs sig- 
nals corresponding to a second derivative spectrum, 
and the signals corresponding to the second derivative 
spectrum are input to the computer 9. 
so [0029] In the computer 9, data is memorized to control 
the laser controller 2 for driving the laser diode 1 to emit 
desired laser beams. The computer 9 sends control and 
operation signals to the laser controller 2 according to 
operating conditions of the whole system so that the la- 
ss ser diode 1 operates as desired. 

[0030] In summary, according to the apparatus of the 
present invention as shown in FIG. 1 , the lasercontroller 
2 continuously varies the emission driving current ap- 
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plied to the laser diode 1 , so that the emitting wavelength 
of the laser diode 1 is continuously varied and the laser 
beam is transmitted into the sample cell 6 where the 
sample gas G and the cancel gas are alternately intro- 
duced. The transmitted beam which is transmitted 
. through the sample cell 6, is photoelectrical^ converted 
into electrical signals by the detector 7. The electrical 
signals are processed to be signals corresponding to a 
second derivative spectrum by the lock-in amplifier 8. 
The signals corresponding to the second derivative 
spectrum are input to the computer 9. 
[0031] In the meantime, similar to the above descrip- 
tion the laser controller 2 continuously varies the emis- 
sion driving current applied to the laser diode 1 , so that 
the emitting wavelength of the laser diode 1 is continu- 
ously varied and the laser beam is transmitted into the 
reference cell 16 where the reference gas R having al- 
ready known absorption spectrum. The transmitted 
beam L Rt , which is transmitted through the reference 
cell 16 is photoelectrical^ converted into electrical sig- 
nals by the detector 17. The electrical signals are proc- 
essed to be signals corresponding to a second deriva- 
tive spectrum by the lock-in amplifier 18. The signals 
corresponding to the second derivative spectrum are in- 
put to the computer 9. The data processed by the com- 
puter 9 is displayed as images on the display 10. 
[0032] Further, a gas supplying unit 20 is provided for 
alternately introducing with proper pressure the sample 
gas(main ingredient M + objects m) and the cancel gas 
of purified main ingredients M into the sample cell 6. The 
gas supplying unit 20 includes a gas introducing system 

25 which comprises a sample gas container 21 , a cancel 
gas container 22 and a purge gas container 23. The con- 
tainers 21 , 22 and 23 are coupled to the sample cell 6 
via a flow control valve 24, such as mass flow controller. 
The gas supplying unit 20 further includes a gas ex- 
hausting system 29 which comprises a vacuum gauge 

26 and a vacuum pump 27, which is coupled to the sam- 
ple cell 6 via a flow control valve 28, for purging, ex- 
hausting or controlling pressure of the sample cell 6. 
[0033] The sample cell 6 may be a hollow cylinder and 
of which windows at the either end of the cylinder are 
installed at the Brewster's angle. 
[0034] In the reference cell 16, the reference gas R 
having already known spectrum is charged with a pre- 
determined pressure and concentrations. The wave- 
length of a spectral line of reference gas R is used as a 
reference wavelength for identifying a wavelength (or 
wavelengths) of objects m, or for subtracting absorption 
spectrum of the cancel gas from the spectrum of the 
sample gas. It is preferred for the reference gas R to 
have at lease two known spectral lines in the absorption 
spectrum of which the wavelength range is within the 
wavelength range of the spectrum of the sample gas. 
For example, hydrogen bromide gas or water vapor may 
be used as a reference gas of the present invention. 
[0035] Thus, the computer receives an absorption 
spectrum of the transmitted laser beam L stG through the 



sample cell 6 while the sample gas G is charged in it, 
an absorption spectrum of the transmitted laser beam 
L stc through the sample cell 6 while the cancel gas C is 
charged in it and two known absorption spectra of the 
5 transmitted laser beam through the reference celH 6 
in which the reference gas R is charged, where each of 
the two known absorption spectra of the reference gas 
R has at least two known spectral lines which will be 
used as references. The computer 9 performs an oper- 
10 ation to compare first set of the absorption spectra of 
the sample gas G and the reference gas R with second 
set of the absorption spectra of the cancel gas C and 
the reference gas R after calibrating the scales of the 
wavelength axes of spectra with the spectral lines in the 
15 spectra of the reference gas R being as references. The 
computer 9 further performs an operation to subtractthe 
absorption spectrum of the cancel gas C from the ab- 
sorption spectrum of the sample gas G, so that the com- 
puter 9 computes intensity, abundance ratio and con- 
20 centration of the absorption spectrum of the objects(im- 
purities) in the sample gas G. 



[Example] 

25 [0036] Now, an example of the according to the 
present invention is described hereinafter. In this exam- 
ple, ammonia gas NH 3 was used as the main ingredient 
M and water vapor was used as the objects(impurities) 
m to be measured in a sample gas G consisting of am- 
30 monia gas and water vapor. 

[0037] The apparatus for spectroscopic analysis as 
shown in FIG. 1 was used in this example, and the con- 
figuration of the apparatus and the operating conditions 
were as follows. 

35 

[Configuration of the apparatus and the operating 
condition] 

[0038] □ A distributed feedback ("DFB") laser diode 
40 emitting laser beam of wavelength of 2000 nm (1 980 ~ 
2000nm) was used as the laser diode 1 . The input cur- 
rent was directly modulated by adding sine wave to it. 
[0039] DThe sample cell 6 andthe reference cell 16 
were made of stainless steel and glass, respectively. 
45 The lengths of light paths through the sample cell 6 and 
the reference cell 1 6 were 50 cm and 1 0 cm, respective- 
ly. The windows of both cells 6 and 1 6 were arranged in 
Brewster's angle. 

[0040] □ InGaAs photodiodes were used as both de- 
50 tectors 7 and 17. 

[0041] DThe sample gas G was consisted of ammo- 
nia gas as the main ingredient M and an extremely small 
quantity of water vapor as the objects(impurities) m, and 
was introduced into the sample cell 6 under the control 
55 of the gas supplying unit 20 with a pressure of 50 Torr 
and a flow rate of 40 seem. 

[0042] □ Purified ammonia gas without any impurity 
was used as the cancel gas C and introduced into the 
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sample cell 6 under the same condition of the sample 

gas G. . * » 

r00431 □ Hydrogen bromide HBr was used as the ref- 
erence gas R and the wavelengths of H"Br(1 982.9 nm) 
and H 81 Br(1 983.2 nm) in the absorption spectrum were 
used as reference wavelengths. 
[0044] Under the above described conditions, opera- 
tions were performed as follows: 

(1) Taking an absorption spectrum of the sample 10 
gas(NH3 + H20) G 

After introducing the sample gas G into the 
sample cell 6, the first laser beam L, spitted from 
the laser beam Lq from the laser diode 1 was trans- 
mitted to the sample cell 6. Then, the detector 7 de- 
tected the transmitted beam L stG through the sam- 
ple cell 6 to take an absorption spectrum of the sam- 
ple gas G. 

In the meantime, the second laser beam L R was 
transmitted to the reference cell 1 6 where the ref- 20 
erence gas(HBr) R, which has two known wave- 
lengths in the absorption spectrum lying in the same 
wavelength range with the absorption spectrum of 
the sample gas G, was introduced under the above 
described condition. The detector 17 detected the 25 
transmitted beam through the reference cell 1 6. 

Further, the detected beams L stfi and.L Rt by the 
detectors 7 and 17 were respectively input to the 
lock-in amplifiers 8 and 1 8 to be processed for pro- 
ducing second derivative spectra. The data of the 3° 
second derivative spectra were input to the compu- 
ter 9 The computer 9 compared the spectrum of 
the sample gas G with that of the reference gas R. 
Then wavelengths in the absorption spectrum of 
the sample gas G were identified and computed by 35 
using the known wavelengths of the hydrogen bro- 
mide as reference wavelengths in the computer 9. 
Referring FIG. 2 again, the two spectra of the sam- 
ple gas G and the reference gas R are shown as 
overlapped. 

(2) Taking an absorption spectrum of the cancel gas 
(NH 3 ) C 

After exhausting the sample gas G out of the 
sample cell 6, the sample cell 6 was purged by flow- 
ing highly purified nitrogen gas and vacuum pump- 
ing Then, the cancel gas C consisting solely of the 
main ingredient(NH 3 ) of the sample gas G was in- 
troduced into the sample cell 6. Then, as before, the 
first and second laser beam Ls and L R were respec- so 
tively transmitted to the sample cell 6 and the refer- 
ence cell 1 6 where the reference gas(HBr) R was 
maintained. . 

Then, the detectors 7 and 17 respectively de- 
tected the transmitted beam L stG and L Rt through *5 
the sample cell 6 and the reference cell 1 6. 

Further, the detected beams L stG and L Rt by the 
detectors 7 and 17 were respectively input to the 



lock-in amplifiers B and 1 8 to be processed for pro- 
ducing second derivative spectra. The data of the 
second derivative spectra were input to the compu- 
ter 9. The computer 9 compared the spectrum of 
the cancel gas C with that of the reference gas R. 
Then, wavelengths in the absorption spectrum of 
the cancel gas C were identified and computed by 
using the known wavelengths of the hydrogen bro- 
mide as reference wavelengths in the computer 9. 
Referring FIG. 3 again, the two spectra of the cancel 
gas C and the reference gas R are shown as over- 
lapped. 

(3) The absorption spectra of the sample gas G and 
the cancel gas C were revised by using the spectra 
of the reference gas R as references so that the 
scales of wavelength axes of all spectra were made 
to be the same. 

The spectra of the sample gas G and the cancel 
gas C were calibrated by the data taken in the above 
described steps (1) and (2) so that the scales of 
wavelength axes of all spectra were made to be the 
same. As clearly shown by comparing FIG. 2 with 
FIG. 3, since the distance between the spectral 
lines of the reference gas R in the spectrum shown 
in FIG. 2 was shorter than that shown in FIG. 3, the 
scales of the spectra shown in FIG. 2 was calibrated 
according to those shown in FIG. 3, or vice versa. 
Referring to FIG. 4, there are shown the absorption 
spectra of the sample gas G and the reference gas 
R after calibration. It can be seen that the scales of 
all spectra were made to be the same. 

(4) Taking an absorption spectrum of the objects 
(impurities) m to be measured by subtracting the 
spectrum of the cancel gas C from that of the sam- 
ple gas G. 

An absorption spectrum of water vapor H 2 Q, 
the objects(impurities) to be measured, was taken 
through operations of the computer 9 for comparing 
the calibrated absorption spectrum of the sample 
gas G shown in FIG. 4 with the absorption spectrum 
of the cancel gas C shown in FIG. 3 and subtracting 
the absorption spectrum of the cancel gas C from 
the absorption spectrum of the sample gas G. The 
absorption spectrum of the water vapor, the object 
m to be measured, thus produced is shown in FIG. 
5. 

(5) Calculating the concentration of the objects 
(impurities ; H 2 0) m to be measured in the sample 
gas G 

It was very easy to calculate the abundance ra- 
tio of the objects(impurities) m in the sample gas G 
by measuring the intensity of the absorption spec- 
trum of the objects taken in the above described 
step (4) and comparing the measured intensity with 
a pre-memorized data of a relationship of concen- 
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trations to intensities. 

[0045] Further, in the above example, the hydrogen 
bromide was used as the reference gas R, where the 
hydrogen bromide has two known spectral lines of H 79 Br 
(1982.9 nm) and H 81 Br(1 983.2 nm) in the absorption 
spectrum. However, those skilled in the art will readily 
notice that it is possible to use any gas or any mixture 
of gases which has at least two spectral lines of known 
wavelengths in the absorption spectrum, between which 
the absorption spectrum of the objects to be measured 
lies, as a reference gas R. 

[0046] Further, although it is described in the above 
example to measure a very small quantity of water vapor 
in an ammonia gas, it is also possible to measure with 
high precision and sensitivity a extremely small quantity 
of impurities(e.g. water vapor) in a sample gas(e.g. si- 
lane SiH 4 ), where an absorption spectrum of the impu- 
rities lies in a wavelength range of an absorption spec- 
trum of the sample gas. 

[0047] Note that, according to the present invention, 
it is still possible to measure impurities in nitrogen gas, 
oxygen gas, argon gas or semiconductor gas, where the 
absorption spectrum of the impurities does not lie in a 
wavelength range of an absorption spectrum of one of 
the above gases. 

[0048] According to the present invention, it is possi- 
ble to achieve following advantages : 

A laser beam is splitted into a first laser beam and 
a second laser beam, and then the splitted laser beams 
are respectively transmitted into a sample cell and a ref- 
erence cell. Particularly, the first laser beam is transmit- 
ted into the sample cell once while a sample gas is in 
the sample cell and again while a cancel gas is in the 
sample cell. The sample gas is consisted of a main in- 
gredient and impurities and the cancel gas is consisted 
solely of the main ingredient of the sample gas. Then, 
the laser beams transmitted through the cells are simul- 
taneously detected by corresponding beam detectors, 
respectively. Therefore, it is possible to take absorption 
spectra of the sample gas and the reference gas where 
the spectral lines of known wavelengths of the reference 
gas are overlapped on the spectrum of the sample gas, 
and then it is also possible to take absorption spectra of 
the cancel gas and the reference gas where the spectral 
lines of known wavelengths of the reference gas are 
overlapped on the spectrum of the cancel gas. By com- 
paring the two sets of the absorption spectra, the scales 
of the wavelength axes of one set of spectra is calibrated 
by that of the other set of spectra, so that the scales of 
the wavelength axes of all spectra are made to be the 
same. By this calibrating, it is possible to precisely de- 
termine the difference between the two sets of spectra. 
[0049] Further, since the reference gas has at least 
two spectral lines of known wavelengths in the spec- 
trum, it is possible to perform wavelength scanning of 
the laser diode beam based on the know wavelengths 
as references. 



[0050] Further, since it is possible to take absorption 
spectra of the sample gas and the cancel gas on which 
the spectrum of the reference gas are respectively over- 
lapped, it is possible to respectively calibrate the scales 

5 of the spectra based on the scales of the spectra of the 
reference gas, and eventually the scales of all spectra 
may be made to be the same. 
[0051] As a result, according to the present invention, 
it is possible.to perform a subtraction of the absorption 

10 spectra and to perform spectroscopic analysis of an ex- 
tremely small quantity of impurities (objects to be meas- 
ured) with high precision and sensitivity. 
[0052] Therefore, according to the present invention, 
it is possible to analyse with high precision and sensi- 

15 tivity an extremely small quantity of impurities in a sam- 
ple gas with a very simple apparatus using single cell 
system without complex, expensive and difficult to op- 
erate dual cell system. 

[0053] Although the preferred embodiment of the 
20 present invention has been disclosed for illustrative pur- 
poses, those skilled in the art will appreciate that various 
modifications, additions and substitutions are possible, 
without departing from the scope and the spirit of the 
present invention as disclosed in the accompanying 
25 claims. 



Claims 

30 1. A spectroscopic method for analysing objects in a 
sample gas using a laser beam comprising : 

i) a step of splitting a laser beam into a first laser 
beam and a second laser beam; 
35 jj) a step of transmitting said first laser beam 

into a sample cell where a sample gas is intro- 
duced, and measuring an intensity of a spec- 
trum of said transmitted first laser beam ; 

iii) a step, being performed while performing 
40 said step ii), of transmitting said second laser 

beam into a reference cell where a reference 
gas is introduced, and measuring an intensity 
of a spectrum of said transmitted second laser 
beam, wherein said reference gas comprises 
45 an ingredient having at least two spectral lines 

of which wavelengths in an absorption spec- 
trum of said reference gas are already known; 
and 

iv) a step of identifying a wavelength of objects 
50 to be measured in said sample gas by compar- 
ing said spectrum of sample gas with said spec- 
trum of reference gas using said at least two 
spectral lines of said reference gas as refer- 
ence wavelengths. 

55 

2. A spectroscopic method for analysing objects in a 
sample gas using a laser beam as claimed in claim 
1 , wherein said reference gas is a hydrogen bro- 
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mide gas comprising H 79 Br and H 81 Br. 

A spectroscopic method for analysing objects in a 
sample gas using a laser beam as claimed in claim 
1 , wherein each of wavelengths of said at least two 
spectral lines of said reference gas are near from a 
wavelength range of said spectrum of said sample 
gas, and a peak in said spectrum of said object to 
be measured lies between said at least two spectral 
lines of said reference gas. 

A spectroscopic method for analysing objects in a 
sample gas using a laser beam as claimed in claim 
3, wherein said reference gas is a hydrogen bro- 
mide gas comprising H 79 Br and H 81 Br. 

A spectroscopic method for analysing objects in a 
sample gas using a laser beam comprising : 
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i) a step of splitting a laser beam into a first laser 
beam and a second laser beam; 

ii) a step of transmitting said first laser beam 
into a sample cell where a sample gas is intro- 
duced and taking an absorption spectrum of 
said transmitted first laser beam, wherein said 
sample gas comprises a main ingredient and 
objects to be measured; 

iii) a step, being performed while performing 
said step ii), of transmitting said second laser 
beam into a reference cell where a reference 
gas is introduced and taking a first absorption 
spectrum of said transmitted second laser 
beam, wherein said reference gas comprises 
an ingredient having at least two spectral lines 
of which wavelengths in said first absorption 
spectrum are already known; 

iv) a step, after exhausting said sample gas out 
of said sample cell and introducing a cancel gas 
into said sample cell, of transmitting said first 
laser beam into said sample cell and taking an 
absorption spectrum of said transmitted first la- 
ser beam, wherein said cancel gas comprises 
only said main ingredient of said sample gas 
without said objects; 

v) a step, being performed while performing 
said step iv), of transmitting said second laser 
beam into said reference cell and taking a sec- 
ond absorption spectrum of said transmitted 
second laser beam; 

vi) a step of making scales of wavelength axes 
of all of said spectra the same by comparing a 
first set of absorption spectra with a second set 
of absorption spectra, wherein said first set 
comprises said absorption spectrum of said 
sample gas and said first absorption spectrum 
of said reference gas, said second set compris- 
es said absorption spectrum of said cancel gas 
and said second absorption spectrum of said 
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reference gas, and said known spectral lines of 
first and second spectra of said reference gas 
are used as references; and 
vii) a step of taking an absorption spectrum of 
said objects to be measured by subtracting said 
spectrum of said cancel gas from said spectrum 
of said sample gas, said scales of wavelength 
axes of said spectra of cancel gas and sample 
gas being made the same in said step vi). 

A spectroscopic method for analysing objects in a 
sample gas using a laser beam as claimed in claim 
5, wherein said sixth step is a step of 
calibrating said wavelength axes of all of said spec- 
tra by matching said reference wavelengths of said 
first spectrum of said reference gas with those of 
said second spectrum of said reference gas. 

A spectroscopic method for analysing objects in a 
sample gas using a laser beam as claimed in claim 
5, wherein said reference gas is a hydrogen bro- 
mide gas comprising H 79 Br and H 81 Br. 

A spectroscopic method for analysing objects in a 
sample gas using a laser beam as claimed in claim 
5, wherein each of wavelengths of said at least two 
spectral lines of said reference gas are near from a 
wavelength range of said spectrum of said sample 
gas, and a peak in said spectrum of said object to 
be measured lie between said at least two spectral 
lines of said reference gas. 

A spectroscopic method for analysing objects in a 
sample gas using a laser beam as claimed in claim 
8, wherein said reference gas is a hydrogen bro- 
mide gas comprising H 79 Br and H 81 Br. 
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